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The objective of this study was to show plasma cortisol
concentration after treatment with controlled internal drug
release (CIDR) in non-suckling beef cows. On day 9 after
oestrus, two cows were inserted with CIDR into the vagina for
24 h and the other two cows were treated as a control group.
Four days later, the two control cows were treated with CIDR
and the other two CIDR-treated cows were used as controls.
Cortisol concentrations were determined by ELISA in plasma
samples collected before, during and after insertion of CIDR.
There was a signiﬁcant increase in plasma cortisol concentra-
tions (p < 0.01) after insertion of CIDR. Mean (±SEM)
plasma cortisol concentrations increased from 1.3 ± 0.4 to a
peak of 8.8 ± 1.1 ng⁄ml at 5 h and then decreased to basal
concentrations at 7 h after insertion of the device. In conclu-
sion, the insertion of intra-vaginal device causes an increase in
plasma cortisol concentrations in beef cows, although the
pathophysiological signiﬁcance of the elevation of cortisol is
not known.
Introduction
Intra-vaginal progesterone devices such as CIDR (Con-
trolled Internal Drug Release) have been widely used for
synchronization of oestrus and ovulation in beef (Lamb
et al. 2006) and dairy cattle (Chenault et al. 2003).
Upon the insertion of CIDR, cattle often show
discomfort and straining. The vagina is a collapsed
tube. Expansion of the vaginal wall by expanded wings
of CIDR may cause mechanical pain in the animals. The
vaginal wall, however, is very elastic and may easily
tolerate that extent of the expansion. As CIDR is
commonly used for reproductive management of cattle,
it is of interest to know whether or not the insertion of
the device causes any stress to the animals.
When CIDR was removed 7–14 days after insertion,
purulent discharge was often observed, which indicates
that CIDR causes inﬂammation of the vaginal mucosa
(Ryan et al. 1999; Chenault et al. 2003). This could be a
consequence of irritation and inﬂammation in the
vaginal membranes (Ryan et al. 1999). It is yet to be
known whether inﬂammation following CIDR insertion
causes any stress.
Degree of stress can be estimated by response of
plasma cortisol concentrations (Christison and John-
son 1972; Bremel and Gangwer 1978). Many acute
stress situations are inevitable in reproductive man-
agement of cattle such as palpation per rectum at
oestrus and AI which cause signiﬁcant increase in
plasma cortisol and may be potential stressors for
cows (Nakao et al. 1994). However, it is yet to be
known whether certain levels of cortisol elevation exert
any adverse eﬀects in cattle. Ribadu et al. (2000)
reported that continuous administration of [adreno-
corticotropic hormone (ACTH); Cortrosyn Z, Daiichi
Sankyo Pharmaceutical Co., Ltd., Tokyo, Japan]
caused elevation of plasma cortisol and formation of
follicular cysts. Increase in plasma cortisol is an
indication of stress caused by various stimuli. Estima-
tion of degree of stress based on plasma cortisol
response provides useful information to reduce any
stress caused by a number of management factors in
domestic animals. No data on plasma cortisol response
to insertion of the progesterone intra-vaginal devices
has so far been available in cattle.
The objective of the present study was, therefore, to
show plasma cortisol concentrations after CIDR treat-
ment in beef cows.
Materials and Methods
Animals, housing and experimental design
Four non-suckling beef cows (two Japanese black beef
cows and two cross breeds between Japanese back and
Holstein-Friesian), which were kept in free-stall barns,
were used for this experiment. Age of the cows ranged
from 10 to 14 years old. Their body weight ranged
between 447 and 637 kg.
All cows were cycling normally. Oestrus was
synchronized using CIDR-Heatsynch protocol (Yusuf
et al. 2008). On the day of oestrus, progesterone
concentrations were <0.5 ng⁄ml in cows. Formation
of corpus luteum was conﬁrmed by plasma progester-
one concentrations higher than 1.0 ng⁄ml 7 days after
oestrus. Nine days after oestrus, cows were divided
into two groups. Two cows were inserted with CIDR
for 24 h, and the other two cows were not treated and
served as controls. Before CIDR insertion, the vulva
was washed with warm water containing disinfectant,
cleaned with paper towels, sprayed with 2% PVP–
iodine, wiped with cotton spiked with alcohol. CIDR
was inserted into vagina using an applicator. On d 13,
two cows which had previously been inserted with
CIDR were not treated and were used as controls,
while the other two cows not treated previously were
inserted with CIDR for 24 h. Cows were kept in a
chute built in a cow shed and restrained by applying a
halter made of a rope around the head throughout the
experiment. All handling of the animals were per-
formed with a minimal disruption and with minimal
stress. The experiment protocol and animal care
during the experiment followed the International
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Guide Principles for Biomedical Research Involving
Animals (Council for International Organizations of
Medical Sciences).
Blood sampling
Blood samples were collected into heparinized vacuum
tubes from cows via the tail venipuncture on the day of
initiation of CIDR-Heatsynch to measure plasma con-
centrations of progesterone and again 7 days later.
Blood was also collected on the day of oestrus and
7 days after oestrus. Six hours before starting experi-
ment, all cows were applied with an indwelling catheter
into the jugular vein. During experiment, the blood
samples were collected into a syringe from the catheter
applied to the jugular vein. Blood samples were collected
from 2 h before insertion to 32 h after insertion at
intervals of 1–4 h. CIDR was inserted within 1–2 min
after blood collection (0 h) and was removed 24 h after
the insertion. In the control group of cows, blood was
collected at the same time and at the same frequency
as in a treated group. Blood samples were collected
into heparinized tubes. Immediately after collection,
blood samples were stored at 4C and centrifuged
(1500 · g for 15 min). The plasma obtained after
separation was stored at )20C until analysed for
cortisol concentrations.
Cortisol and progesterone assay
Plasma cortisol concentrations were determined by an
enzyme immunoassay established and validated by
Yoshida and Nakao (2005). The intra-assay and inter-
assay coeﬃcients of variation in high (n = 6) and low
cortisol pooled plasma samples (n = 5) were 6.0% and
11.4% and 4.2%, and 8.4%, respectively.
Progesterone concentrations in plasma were estimated
by using enzyme immunoassay as reported by Isobe and
Nakao (2003).
Statistical analysis
The results are presented as the mean ± standard error
(±SE). The homogeneity of data at each point was
conﬁrmed for equal variance. The diﬀerence in the mean
values of plasma cortisol concentrations between CIDR
and control groups at diﬀerent times was compared by
repeated measures ANOVA. After conﬁrming the signif-
icant eﬀects of treatments, times and their interaction,
multiple comparison tests were conducted to ﬁnd the
signiﬁcant diﬀerence between the each time point at
diﬀerent treatments and times using two-way analysis of
variance. All analyses were done using the statistical
package SPSS 12.0 for windows (SPSS Inc., Chicago, IL,
USA).
Results
Plasma cortisol concentrations during the study period
were aﬀected (p < 0.01) by treatment. The mean overall
(± SEM) plasma cortisol concentration in CIDR-
treated cows was 1.8 ± 0.5 ng⁄ml, ranging from
0.5 ± 0.3 to 8.8 ± 1.1 ng⁄ml at diﬀerent time points,
and showed greater (p < 0.01) than the mean plasma
cortisol concentration in control cows (1.2 ± 0.1 ng⁄ml,
ranging from 0.4 ± 0.3 to 2.0 ± 0.7 ng⁄ml).
Plasma cortisol concentrations were also aﬀected by
times (p < 0.01) and interaction between treatment and
time (p < 0.01). In control cows, no eﬀect of time on
plasma cortisol concentrations was found (p = 0.690),
whereas in CIDR-treated cows, time signiﬁcantly
(p < 0.01) aﬀected the plasma cortisol concentrations.
Within 3 h after CIDR insertion, the plasma cortisol
concentrations did not increase in any cow (Fig. 1).
Plasma cortisol levels started to increase 4 h after
insertion of the device and reached a peak of
8.8 ± 1.1 ng⁄ml at 5 h. These high cortisol concentra-
tions were maintained up to 6 h and returned to basal
level at 7 h. In this group, the plasma cortisol concen-
tration at time points 4, 5 and 6 h was greater
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Fig. 1. Plasma cortisol concentrations in four cows during insertion of CIDR for 24 h. CIDR was inserted 9 days after oestrus in two cows (a)
and 13 days after oestrus in other two cows (b)
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(p < 0.01) than at time points )2, )1, 0, 1, 2, 3, 7, 8, 10,
12, 16, 20, 28 and 32 h, respectively (Fig. 2). Among
time points 4, 5 and 6 h, time point 5 h was greater
(p < 0.01) than time points 4 and 6 h (8.8 ± 1.1 vs
5.8 ± 0.9 and 3.6 ± 0.5 ng⁄ml). Similarly, time point
4 h was greater (p < 0.01) than time point 6 h. The
plasma cortisol concentrations at 4–6 h in CIDR-treated
cows were also higher (p < 0.01) than at any time point
in control group (Fig. 2).
Discussion
Basal plasma cortisol concentrations in cattle were
reported to be approximately 5–10 ng⁄ml. In our study,
plasma cortisol concentration during 24 h insertion was
<10 ng⁄ml but there was plasma cortisol response 3 h
after insertion of CIDR and response remained for 3 h.
A number of stressors cause enhancement of the
pituitary–adrenal axis and secretion of cortisol, includ-
ing heat stress (Alvarez and Johnson 1973; Thatcher
1974; Abilay et al. 1975), milking (Miyazawa 1984),
palpation per rectum (Nakao et al. 1994) and lameness
(Endo et al. 2003; Walker et al. 2008). Palpation per
rectum caused an elevation of plasma cortisol concen-
trations up to 12.0–14.0 ng⁄ml 5–10 min after palpation
(Nakao et al. 1994). Miyazawa (1984) reported a
signiﬁcant increase in plasma cortisol up to 14.0–
19.6 ng⁄ml in cows 8–13 min after milking. Nakao and
Grunert (1990) reported that cows with dystocia showed
signiﬁcantly higher plasma cortisol concentrations than
cows with normal calving 1 h after ACTH injection
(approximately 18.0 ng⁄ml vs 6.5 ng⁄ml, p < 0.05).
Intra-vaginal insertion of CIDR also caused a signiﬁ-
cant increase in plasma cortisol 4–6 h after insertion in
this study. However, plasma cortisol concentrations
after intra-vaginal insertion of the devices were shown to
be lower than the values after various manipulations
reported in the previous studies (Miyazawa 1984; Nakao
and Grunert 1990; Nakao et al. 1994). In the previous
studies, plasma cortisol level increased immediately or
within 1 h after the treatments. However, in our study, it
started to increase only 4 h after the application of
CIDR and decreased to basal level 6 h after insertion.
We assume, therefore, that the insertion of CIDR in the
vagina causes a minor stress and it may not exert any
harmful response for reproductive performance in cows.
In general, endocrine responses to stress work towards
inhibiting non-essential functions such as growth and
reproduction, in favour of maintenance and survival
(Matteri et al. 2000). The reason why there was no
response of cortisol concentrations after CIDR insertion
is diﬃcult to state. The authors assume that the
expansion of the vaginal wall itself caused by extended
wings of CIDR may not result in signiﬁcant mechanical
stimulus, because the vagina is a collapsed tube and very
elastic. Thus, no increase in plasma cortisol concentra-
tions immediately after insertion was shown in all the
animals (Fig. 1).
It is also speculated that existence of CIDR causes
tissue ischaemia as a result of hypoxia in the vaginal
tissue, leading to a rise of plasma cortisol. This process
may take some time after insertion of CIDR.
Although the exact mechanism how the CIDR
insertion causes an increase in plasma cortisol has not
been described, it is worth to note that all four cows
showed a similar response of cortisol almost at a same
time after the insertion, while no such an increase in
plasma cortisol was shown in the same cows without the
treatment.
In conclusion, the insertion of intra-vaginal device
causes an increase in plasma cortisol concentrations in
beef cows, although the pathophysiological signiﬁcance
of the elevation of cortisol is not known.
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